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SUMMARY
Two nuclear polyhedrosis baculoviruses were observed to acquire an envelope by budding through the plasma membrane. Budding (synhymenosis) occurred in a variety of tissues. The mechanism involved in the budding process appears similar to that described for other viruses and results in a characteristic surface structure similar to peplomers on one end of the virus.
In insects the initial site of replication of nuclear polyhedrosis (NPV) baculoviruses after per os infection has been established to be the midgut after fusion of the virus envelope with the microvillar membrane (Kawanishi et al. 1972) . In in vivo studies ofNPV-infected midgut cells, virus was observed replicating in the nucleus within I6 to 24 h post inoculation. After 24 to 36 h nucleocapsids were observed budding through the basal plasma membrane of the midgut, resulting in bipolar-enveloped virions (Tanada & Hess, 1976) . These results confirm and further elaborate on those observations. In addition, budding through the plasma membrane has been reported in in vitro studies of nuclear polyhedrosis viruses (MacKinnon et al. 1974; Hirumi, Hirumi & McIntosh, 1975; Knudson & Harrap, 1976; Summers & Volkman, I976) .
In this study, viruses were observed budding not only through the midgut plasma membrane but also through the plasma membranes of all other infected tissues examined: trachea, fat body, muscle, nerve and hypodermis. This mechanism would then appear to be the usual method of invasive virus spread from cell to cell as well as from tissue to tissue, although perhaps not the only one.
Nuclear polyhedrosis viruses originally isolated from Autographa californica and Spodoptera exigua were propagated in larvae of S. exigua. Purified polyhedral inclusion bodies were sprayed in an aqueous solution on insect diet, and larvae of S. exigua were allowed to feed. After five days the infected larvae were dissected and the tissues fixed for electron microscopy as described previously (Tanada, Hess & Omi, I975) .
In addition haemolymph was collected in o-1 M-phosphate buffer (pH 7.o) from A. californica four days after inoculation with Autographa NPV. Haemolymph was collected by folding the larvae back upon itself, and cutting off a proleg. The haemolymph extruded through the wound was collected on the side of a centrifuged tube held in an ice bath. The haemolymph was centrifuged at Iooog for lO rain and the supernatant was recentrifuged at IOOOO rev/min for 6o rain at 4 °C. The pellet was resuspended after i h, and negatively stained for electron microscope observations with uranyl acetate, phosphotungstic acid or ammonium molybdate. Other pellets obtained in the same manner were fixed in t ~ OsO4 in o.1 M-phosphate buffer for 3o to 6o min. After rinsing in buffer, the pellets were removed by slicing the centrifuge tube and embedded in toto in 1"5 ~ agar blocks. The agar blocks containing the virus pellets were processed for electron microscopy.
Nucleocapsids were observed entering the cytoplasm of infected cells through the nuclear pores or small holes in the nuclear membrane. After leaving the nucleus, the virus appears (Fig.  I a, b) . At this stage the plasma membrane was evaginated at the point of virus contact and thickened (Fig. I a, b) . As budding progressed, the end of the capsid caused a semicircular evagination of the plasma membrane. Apposition of the capsid and the plasma membrane resulted in a multilayered appearance with additional structure added to, or superimposed upon, the plasma membrane (Fig. t c, d ). At this end the outermost Iayer of the plasma membrane forming the virus envelope was covered with fine filaments giving it a fuzzy or spiked appearance. The filaments appeared to arise from the exterior layer of the membrane. These filaments formed a distinct, thick, uniform dense band approx. I8.o nrn thick and I3O nm long and were not visible anywhere else along the membrane except at this one end. The membrane surrounding the sides of the nucleocapsid conformed to its straight contour but remained separated from the capsid by a thin, uniform zone and retained a trilaminar morphology (Fig. I d) . Besides enveloping single nucleocapsids, it was observed that multiple nucleocapsids were also enclosed within the plasma membrane in this method. When the enveloped nucleocapsid is released into the haemolymph, the free ends of the envelope were usually found to join in a hollow-blebbed structure (Fig. 2 a, b) . Less frequently an elongate tail was formed by the two residual ends of the membrane fusing along the inner surface. Occasionally nucleocapsids were observed in the haemolymph with a loosely fitting envelope (Fig. 2c) .
Negatively stained preparations and sectioned pellets of haemolymph showed the presence of unenveloped virus and, very occasionally, enveloped virus. Sections from the upper layers of the pellets showed that the haemolymph preparations consisted of a fine filamentous material in which were dispersed virus rods and electron-dense granules (Fig. 2d, e,f). The majority of the virus rods lacked envelopes but retained at one end of the rod the structural modifications observed in the sections of tissue-associated haemolymph. The other end of the virus rods was frequently swollen (Fig. 2 d) or frayed (Fig. 2 e, f~ arrows) and a portion of the capsid 'membrane' was clearly visible at this end. The electron-dense core of the virus contained clear regions -particularly at the end that was distorted, suggesting partial loss of the nucleocapsid material. The lower layers of the pellets also contained cellular debris and some polyhedra. Negatively stained nucleocapsids presented an appearance similar to that of sectioned material. One end possessed structural morphology similar to that produced during budding (Fig. 2 g, h, i) . The other end possessed a negatively stained image that probably corresponds to the swollen capsid ' membrane' observed on the swollen and frayed ends of the virus as seen in the sectioned pellet. Also observed in the negatively stained preparations were the fine filaments and electron-dense granules observed in the sectioned haemolymph pellet. An occasional nucleocapsid with an envelope was observed in negatively stained preparations. These nucleocapsids lacked the structural modification observed on those without envelopes. Since the sectioned pellets revealed that some polyhedra and cellular debris could be found in the haemolymph preparations no matter how much care was taken in the isolation processes and even only four days afterper os inoculation, it is probable that these viruses represent polyhedra-associated virus. The low frequency of isolated haemolymph nucleocapsids with intact envelopes observed with the variety of techniques used in this study indicates the extreme fragility of this membrane except at the one end possessing the structural modifications.
Virus use of plasma membranes is well documented (Compans & Choppin, r97i ; Schulze, I973; Garoff & Simons, i974). During budding it has been suggested that the nucleocapsid interacts with the plasma membrane of the cell and, by the time budding is completed, the virus has excluded host protein and inserted virus polypeptides specifically 
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529 l~) associated with the envelope. These mechanisms may be functioning in this system. The filamentous spikes on the anterior end of the envelope do not appear to be present on the intact plasma membrane nor on the sides of the virus envelope. These spikes are morphologically similar to the glycoprotein spikes (peplomers) observed on some other enveloped viruses.
Granulosis baculoviruses also apparently induce surface modifications upon contact with cellular membranes. Summers (197I) described a plaque structure associated with a granulosis baculovirus contained in vesicles within the midgut of Trichoplusia ni. Robertson, Harrap & Longworth (1973) showed a granulosis baculovirus bud through the plasma membrane in acquiring an envelope.
It would appear then that generally one end of a baculovirus interacts with the host's membrane with the subsequent production of a multilayered surface modification. These spikes or peplomers, if similar to those of other virus systems, may be the site on the virus associated with secondary virus uptake. (The use of this end is indicated in the electron micrographs of Raghow & Grace, 1974 .) Insect baculoviruses may be unique, however, in that the spiked differentiation appears in this study to occur only on one end of the virion.
Preparations of negatively stained nucleocapsids of Autographa ealiforniea by Summers & Volkman (I976) suggest that peplomers may occur on other parts of the virus envelope. In their study the nucleocapsids from cell culture were surrounded by a loosely adhering envelope unlike the frequently occurring, closely fitting envelope observed in this study. The haemolymph-derived virus particle they show, however, had the envelope partially disrupted as observed in this study, indicating a difference in fragility between cell culture-derived and haemolymph-derived viruses, and perhaps a difference in surface modifications. However, differences in surface modification localization could be accounted for by the use of different isolation and processing techniques. During the isolation processes partial degradation of the virus particle itself or degradation of haemolymph products associated with the surface of the virus may have to occur before surface modifications are visible in negatively stained preparations. Since the isolated viruses observed in this study showed signs of degradation this could account for the differences between haemolymph-isolated viruses observed by Summers & Volkman (1976) , and those observed in this study. Our results do agree, however, in that surface modifications do occur on at least part of the virus envelope.
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